Summary. In order to study the possible repercussions of an exogenous insulin overload on the electron microscopic aspect of their pancreas, rat foetuses were given one insulin (2 I.U.) injection at day 19 of gestation, two at day 20 and were saerifieed at day 21. Their pancreases were compared to those of non injected littermate controls. --As far as the exoerine portion of the pancreas was concerned, the insulin overload resulted in some ultrastructural ehanges: enhanced polarity of the cells, large zymogen granules more often eneotmtercd, mierovilli more numerous. --The mere examination of the electron mierographs of the endocrine pancreas suggested that exogenous insulin modifies the number, the dispersion and the size of the secretory granules. Therefore a biometrie approach was used in order to obtain an objective evaluation of the results. The biometrie method is deseribed and discussed. --1. At the level of the A cells, insulin overload increased the number of those seeretory vesicles which are fused with the cell membrane (no other major modification in the ultrastructural aspect of the A cells was noted). These observations suggest that the pancreas of insulin treated foetuses releases an enhanced amount of glueagon. --2. At the level of the B cells, insulin overload increased the number of those vesicles which are very close to the cell membrane, but decreased the number of the vesicles which are actually fused with the plasma membrane. It seems therefore that one step of the emiocy~osis process (fusion between vesicle and plasma membranes) is partially inhibited by insulin treatment: as a counterpart a slight increase in the number of secretory vesicles occurs throughout the cytoplasm and a marked increase in the close vecinity of the cell membrane. Numerous t3 cells belonging to insulin treated foetuses showed an abnormally high density of immature granules, some of them being very large, suggesting that some steps in the biosynthetic process of insulin might have been affected as well; but the ultrastrueture of the cellular organelles classically involved in such a process is unaffected. --To conclude it seems that, i~ vivo, an overload in exogenous insulin affects both the secretion and the biosynthesis of endogenous insulin by the rat foetal pancreas. 
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Fn vitro studies on perfused pancreas, minced pancreas or isolated islets might seem more proper to give a clear cut answer since they allow the glucose large secretory granule.
in the processes of insulin biosynthesis [1, 2, 26] ; Malaisse et al. [29] and Logothetopoulos et al. [24] believe however that both biosynthetic and secretory processes are affected. Concerning the mode of action of insulin in such a short feed-back control, Hausberger et al [14] consider it to be a direct one, whereas Barfs [1] , Chu et al. [4] level to be maintained constant while changing insulin levels. Nevertheless a rather wide discrepancy exists between the results so far obtained. According to several authors [7, 9, 12, 13, 15, 16, 27, 35, 37] insulin inhibits in vitro insulin secretion, some others [11, 28] think it does not. Previous in vivo chronic treatment with insulin diminishes the in vitro insulin secretion of H. Perrier, 1~. Jacquot: Ultrastruetural and Biometric Action Diabetologia the pancreas [29, 36] , b u t the insulin secretory performances of the h e a l t h y p a r t of ~ pancreas are not altered by the presence of an insulin secreting t u m o r [5] .
I n line with these inconclusive results, v e r y few observations were made concerning the action of insulin on the ultrastructure of A or B cells, and practically none concerning the foetus. The present paper describes some effects of insulin overload in the rat foetus.
Methods
Wistar rats (C.F. strain, C.N.I%.S.) were used. Day 0 (first day) of pregnancy was determined by the presence of spermatozoa in the vagina.
In order to compare the total wealth of secretory granules in B cells, 2 sets of micrographs were prepared, one for treated, the other for control foetuses. These were submitted to several independant observers who had to say whether they saw any difference between the sets (they knew nothing about the origin of the micrographs).
In order to evaluate modifications in insulin secretory processes, we compared, between control and treated foetuses, the number of secretory vesicles at the periphery of the B cells, their dispersion, and the frequency of their fusion with the plasma membrane. Thus on electron micrographs at the same (× 8400) enlargement, which had been assembled in "maps" covering large portions of the islets, we defined at the periphery of the B cells a strip 1,5 times broader than the mean size of the vesicles. This mean size had been determined by measuring the larger diameter of 300 randomized vesicles both in control and treated foetuses. The strip was delimited by drawing a line parallel to the plasma membrane (at 6 mm from it on a × 8400 5 foetuses belonging to 3 different litters were given insulin ("treated" foetuses). After laparotomy of their mother, they received, through the uterine wall, under the skin of the back, 3 injections of 2 I.U. protaminezinc-insulin: one at day 19, two at day 20 of gestation. Their pancreas and the pancreas of their control littermates were collected at day 21 of gestation, fixed for 5 to 10 rain with glutaraldehyde, post-fixed for 1 hour in osmic acid, and embedded in araldite. The ultra-thin sections were contrasted with the uranyl acetate --lead citrate technique and observed in a Hitachi H.S. 8 electron microscope. enlargement, Fig. 1 and 2) . Vesicles inside the strip were classified in three groups:
Group I: vesicles "fused" with the plasma membrane Group I I : vesicles separated from the membrane by a distance equal or less than ~ of the mean vesicular size ("almost fused" vesicles).
Group I I I : the other vesicles of the strip. The assignation of the vesicles to their group was performed on randomized photos by one of us, who did not know the origin of the micrographs, and within a few successive days (in order to avoid a shift in subjective criteria). Then the total number of vesicles of each group was expressed per arbitrary unit of membrane length (the total lengths of the cytoplasmic membranes covering the studied strips had been measured with a curvimeter).
It seemed also interesting to compare, between control and treated foetuses, the frequency of occurrence of large vesicles (or granules). This was done by counting the number of vesicles (or granules) larger than a given size (see below) per arbitrary unit of cytoplasmic surface; cytoplasmic surfaces were measured by weighing their copies on homogenous paper.
For A ceils, the number of "fused" vesicles per membrane length has been evaluated as previously described.
In the exocrine part of the pancreas the number, per cytoplasmic surface unit, of zymogen granules larger than a given size (see below) was evaluated as described for B cells.
frequency of their fusion with the plasma membrane was smaller ( Fig. 1 and 2) . The biometric study confirmed this finding. Since the results obtained by this method were variable from cell to cell, we used large reconstructed maps (of. methods). In a given foetus, membrane lengths and number of vesicles of each group were then pooled without reference to any given cell, and the frequency of vesicles per arbitrary unit length of membrane was calculated from these pooled data. If more than 20 B cells were involved in such a determination, the reproducibility for a given foetus was very good. Table 1 gives an example of the results obtained from 3 treated foetuses belonging to 3 differ- 
Results

B Cells
All the observers found the global wealth of secretory granules in B cells greater in treated than in control foetuses.
The frequency and dispersion of these vesicles at the periphery showed great variability inside a single cell and from cell to cell. Nevertheless, the mere visual observation of a sufficient number of micrographs gave the impression that the peripheral vesicles were more numerous in treated foetuses but that the ent litters and shows that the reproducibility between these foetuses was good. We have verified that the same conclusion holds for control foetuses, regardless of the litter. Therefore the final results, shown in Table 2 , were obtained from all control and all the treated foetuses. In each experimental set, the lengths of plasma membrane utilized and the corresponding numbers of vesicles (of each group) were pooled, regardless of the foetus, and the frequencies per unit length of membrane calculated from the pooled data, which obviously cannot be treated statistically. Table 2 shows that the number of vesicles at the I-I. Perrier, 1~. Jacquot: Ultrastructural and Biometrie Action Diabetologia periphery of B cells (IV) is enhanced ( × 1,6) by insulin treatment; nevertheless "fused" vesicles (group I) are less frequent and, as a counterpart, vesicles of group I I I and especially of group I I ("almost fused") are more numerous ( × 2,3) . Study of the micrographs suggests that the size of some mature granules and of their vesicles was enlarged after insulin treatment. Therefore 250 randomized whole :B cells were studied in control and in treated foetuses. In treated foetuses, the number, per surface unit, of mature granules with a diameter greater (or equal) to 463 nm (2.5 mm on a × 5400 enlargement)
Otherwise, the appearance of nucleus, ergastoplasm, golgi apparatus and mitoehondria was not affected by insulin treatment.
A Cells
Their general ultrastruetural appearance and the number and the size of their secretory granules were not modified in treated foetuses. :But the frequency of fusion of these vesicles with the cell membrane was greater in treated foetuses, as shown by careful observation ( Fig. 3 and 4) and as measured biometrically (3 times greater). was twice the value of control foetuses ; accordingly the vesicles with a diameter between 926 and 1111 nm (5 and 6 mm on graphs) were three times more numerous, and with a diameter greater than 1111 nm, 27 times more numerous. After insulin treatment, some B cells contained an abnormally high number of immature granules (spherical, electron dense granules, separated from the vesicular membrane only by a narrow space, thus similar to A granules but larger). In the cellular populations used above for mature granules, immature granules with a size between 556 and 648 nm (3 and 3.5 mm on graphs) were 3 times more numerous per surface unit of cytoplasm in treated foetuses, and those larger than 648 rim, 7 times more frequent.
Exoerine Cells
In treated foetuses, the exocrine pancreatic cells had a more obvious polarity and more numerous microvilli. Using 300 cells for each experimental group it was found that, per surface unit, zymogen granules with a diameter equal to or greater than 2143 nm (9 mm on a x 4200 enlargement) were 4 times more numerous in treated foetuses.
Discussion and Conclusion
Before giving an interpretation of the results, a criticism of the methodology is necessary.
Each foetus received, over a period of roughly 48 h, 6 I.U. of insulin, a large amount indeed. We do not know the turnover rate of this hormone in the foetus, and we did not measure the foetal blood glucose levels: it appears that insulin barely affects blood glucose in foetal rats before day 21 (32) . One might coneeive that the observed effects were the result of the transfer of insulin to the mother and of the induced maternal hypoglyeaemia. This seems unlikely, for such a transfer has never been demonstrated by other workers; should it happen, the pregnant rats that were operated on three times in less than 48 h (and therefore did not eat much) would have received 6 I.U. (1 foetus was not arbitrary, if one is interested in the secretion process. The way this dispersion was performed avoids any bias. In our opinion, the results are reproducible and worth analyzing.
Exocrine Cells
In the adult, insulin increases the production of pancreatic juice and its concentration in enzymes [6, 23, 39] . In the treated foetus the changes seen in exoerine cells (polarity, microvilli, size of granules) indicate that they react to the overload in insulin. Another criticism deals with the validity of the results. At the ultrastructural level, it is rare that an experimental treatment produces changes so obvious that they can be seen at first glance; generally the observer makes his opinion after a long inspection of numerous mierographs. We tried to avoid a subjective evaluation by increasing the number of observers not informed of what they had to discover, and by using a biometrie approach.
Concerning that biometrie approach, the width of the strip around the B cells was arbitrary but the dispersion of the vesicles inside this strip into 3 groups
A Cells
In the adult, chronic insulin administration does not modify the structure [1, 21, 24] or ultrastrueture [1, 21] of the A cells. Our results in the foetus are very similar : A cells from treated foetuses did not differ from those of normal foetuses of comparable age [31] .
In the adult, chronic insulin administration induces no change in the number and distribution of secretory granules [1, 21] . In the foetus, if the total number of these granules is not affected, the frequency of fusion between vesicles and cell membrane is enhanced, a fact which suggests an enhanced secretion of glucagon, if emiocytosis is the secretory process [10] .
Diabetologia B Cells
After 2 days of insulin treatment, foetal B cells present a small increase in the total number of their secretory vesicles: this is in good agreement with what is described in the adult following short term treatment with insulin [1, 20] . Under chronic insulin administration, however, a diminution in the number of vesicles is observed in the adult [1, 20, 24, 25, 26] . We do not know if insulin affects the number of B cells per pancreas and our results therefore cannot be compared with what is known in the adult concerning the fluctuations of insulin content after insulin treatment [2, 4, 25, 29] .
The mode of dispersion of secretory vesicles at the periphery of the cells suggests, both in control and treated foetuses, a tendancy for accumulation just below the cell membrane: vesicles of groups I and II represent roughly 50 per cent of the total population while being found in only 1/6 of the strip. It seems therefore that the limiting factor for vesicular discharge is fusion with the cell membrane rather than migration to the periphery. In treated foetuses, although more vesicles are found at the periphery, fewer are actually fused with the cell membrane and there is a marked accumulation just below this membrane ("almost fused"): if emiocytosis is the secretory process [22, 34] , one may postulate that exogenous insulin reduces endogenous insulin secretion by inhibiting fusion between vesicles and cell membrane. Such a phenomenon might explain the increase in total number of granules in treated B cells as well as the relative frequency of large sized mature granules. In the adult, several authors have also suggested an inhibition (direct or indirect) of insulin on its own secretion [9, 12, 13, 14, 15, 27, 29, 35, 36, 37] . B cells of treated foetuses are sometimes rich in immature granules and some of these granules are very large. If the conversion of proinsulin to insulin takes place in developing granules [18, 38] , our observations might suggest that exogenous insulin somehow interferes with such a process.
